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ABSTRACT

This report presents the results of biologic
investigations by the U.S. Geological Survey and the
Wisconsin Department of Natural Resources during
a study of hydrology and water quality in a small
drainage basin in the ”"Driftless Area” of southwest
Wisconsin. The investigation included aquatic mac-
rophytes, periphytic and planktonic algae, benthic
invertebrates, and trout population dynamics during
1967-78.

The aquatic community is diverse and reasona-
bly stable with little indication of environmental
disturbance. Aquatic macrophyte population
(dominated by Ranunculus aquatilis L., Veronica
catenata Penn., and Nasturtium officinale) varies
little from spring to fall. Periphytic and planktonic
algae are predominantly diatoms, with the genus
Achnanthes dominating both communities. Most
genera of planktonic algae originate in the periphy-
ton, but some true planktonic algae were identified.
The benthic invertebrate population is dominated by
Trichoptera and is a major food source for trout and
forage fish. Biotic index values calculated from
benthic invertebrate data indicate that water quality
is very good to excellent. The trout population is low
and represents only a small part of the total fish
population both in biomass and numbers. Brown
trout are usually stocked annually in the spring to
enhance sport fishing, but by fall most trout are
wild. The major environmental factors limiting
trout population seem to be insufficient cover, insuf-
ficient pool depth and volume, and small spawning
areas. The wild trout population is highly dependent
on spawning success the previous fall.

INTRODUCTION

A cooperative study of the Nederlo Creek basin
by the U.S. Geological Survey (USGS) and the
Wisconsin Department of Natural Resources (DNR)
began in 1967 to determine the effects of a small
reservoir and a dry floodwater-control structure on
hydrology and water quality. In 1968, Federal re-
search funds were obtained by the USGS for more
detailed water-quality studies and to extend the scope
of the project to include aquatic biota and the
aquatic environment.

Concurrent studies of fish and benthic inverte-
brates in Nederlo Creek were made by the DNR.
These studies all began before construction of the
structures and were to continue beéyond completion
of construction. Results of the preconstruction
phase of the USGS-DNR cooperative project have
been published (Kammerer and Sherrill, 1979).

The two water-retention structures originally
planned were part of a comprehensive watershed
protection, flood prevention, and recreation plan for
the Blackhawk-Kickapoo watershed (Crawford and
Vernon County Soil and Water Conservation Dis-
tricts, 1967). Construction of the dry floodwater-
control structure began in July 1974 and was comp-
leted in November 1975. Plans for construction of
the second structure have been cancelled, leading to
changes in the objectives and scope of this investiga-
tion.

The completed structure is not expected to have
a significant effect on downstream water quality and
biota. Because of this and the change in construction



plans, the planned postconstruction investigation of
the effects of the structures on Nederlo Creek was
not made. The results of the preconstruction biolog-
ic studies, which were to be published in the report
covering the postconstruction investigation, are con-
tained in this report.

The purpose of this report is to present the
results of the preconstruction biologic investigations
by the USGS and DNR. The report is intended to
complement and add to the scope of the material in
the previously published report (Kammerer and
Sherrill, 1979).

THE STUDY AREA
Physical Setting, Hydrology, and Water Quality

Characteristics of the study area, including geog-
raphy, geology, soils, land use, hydrology, water
quality, and stream-channel characteristics were de-
scribed in detail by Kammerer and Sherrill (1979).
These characteristics are summarized here to provide
background information on the terrestrial and
aquatic environment.

The study area includes the surface drainage
basin of Nederlo Creek (locally used name, not
approved by the U.S. Board on Geographic Names).
The basin is 4 mi northwest of Gays Mills (Crawford
County) in the "Driftless Area” of southwestern
Wisconsin (fig. 1), has a surface drainage area of
11.0 mi?, and is geographically and hydrologically
similar to other small basins in the area. Topography
is rugged, with approximately 400 ft of relief be-
tween the ridgetops that form the surface drainage
divides and the floor of the valley that contains the
perennial reaches of Nederlo Creek and its tribu-
taries.

The bedrock that forms the ridges and underlies
Johnstown Valley is sandstone and dolomite of
Cambrian and Ordovician age. In the valley, the
bedrock is overlain by unconsolidated alluvium of
Pleistocene and Holocene age. The alluvial material
is as thick as 20 ft at the sites of the structures (fig. 1)
and thickens toward the mouth of the valley.

Soils may be divided into groups or associations
based on texture and parent material. Silty upland
soils are predominant on the ridgetops, but small
areas of sandy, silty soils are also present. Valley
walls are stony colluvial land, which is actually a

mixture of soil material and rocks. Most of the soils
in the valley are silty alluvial soils, but sandy, silty
soils underlie smaller areas.

Land is used primarily for agriculture and farm
woodlots. Fifty percent of the land is cropland and
40 percent is woodland; of the remaining 10 percent,
7 percent is permanent pasture and 3 percent is
occupied by roads and buildings.

The stream is characterized by fairly constant
base flow and rapid changes in discharge during
periods of snowmelt or rain. Surface runoff is a
significant contributor to streamflow only 10 percent
of the time; during the remaining 90 percent of the
time, streamflow consists entirely of ground-water
runoff, most of which can be attributed to discharge
from springs.

Water in the stream at base flow is a calcium
magnesium bicarbonate type, having a median hard-
ness of 286 mg/L (milligrams per liter) as calcium
carbonate and median dissolved-solids concentration
of 274 mg/L. Dissolved-oxygen concentrations in
the streams are generally lowest during summer,
when lows of 7-8 mg/L are common at night.

The daily fluctuation of stream temperature is
greatest in the summer; the range and the magnitude
of daily extreme values at specific locations are
influenced by the proximity of springs. Maximum
daily water temperatures as high as 26°C have been
measured at some locations, but temperatures this
high seldom persist for more than a few hours.
Water temperatures during winter (December
through February) usually range from 0° to 5°C.

Mean annual suspended-sediment loads at vari-
ous locations ranged from 13 to 60 tons/ mi%; most of
the sediment (74 to 86 percent) is transported during
that 10 percent of the time when overland flow
contributes to streamflow.

The Aquatic Environment

Physical characteristics of the stream channel
itself (slope, mean width and depth, streambank-
erosion rates, and bed material particle size) were
described by Kammerer and Sherrill (1979).

Livestock management practices have substan-
tial influence on the aquatic environment, especially
with respect to trout habitat. Cattle had continuous









Table 1. Distribution of aquatic macrophytes in Nederlo Creek.

SCALE 1:24.,000
% 1 MILE

1
. METER To Kickapoo River
5 1 Ko and Tain?er Creek

o—-+0O

DRY FLOODWATER-
RETENTION STRUCTURE

EXPLANATION

«5 Cross section where aquatic macrophyte
distribution was recorded

PERCENTAGE OF STREAMBED INHABITATED BY AQUATIC
MACROPHYTES, AUGUST 1970 - JUNE 1977*

CROSS Ranunculus Veronica Nasturtium
SECTION MEAN RANGE MEAN RANGE MEAN RANGE
Nederlo Creek
1 7 0-34 0 0 0 0
2 21 0-54 0 0-1 .1 0-1
3 28 1-66 2 1-12 .5 0-1
4 44 1-84 1 0-13 .5 0-1
5 6 0-71 3 0-30 1.2 0-6
6 40 4-66 29 1-83 3.0 0-25
7 29 0-68 6 0-20 5.2 0-33
8 32 0-62 22 1-57 9.0 0-54
9 13 0-30 11 0-50 2.4 0-12
10 10 0-31 9 0-25 .9 0-7
11 17 0-66 6 0-26 1.9 0-26
12 14 0-35 23 1-47 3.0 0-35
13 11 0-38 29 1-54 8.8 0-38
14 0 0-1 3 0-13 5 0-1
South Fork
15 39 0-86 12 1-35 5.0 0-28
North Fork
16 0 0 7 0-32 2.5 0-87
17 o 0 0 0 47 0-100
18 0 0 0 0 22 0-65
19 0 0 0 0 28 0-75

*14 measurements at each site



Destruction of aquatic macrophytes was wide-
spread during the record floods on June 17 and June
30-July 1, 1978. The June 17 flood, which had a
probable recurrence interval of 40-50 years, resulted
from 5.10 in. of rain on saturated soil during a
20-hour period. The June 30-July 1 flood, which
had a probable recurrence interval exceeding 100
years, resulted from 6.8 in. of rain in a 12-hour
period. These floods were the maximum floods of
record at gaging stations in and near the study area.
An inspection in September 1978 revealed that the
flood had removed all visible aquatic macrophytes
from the entire length of Nederlo Creek and its
tributaries.

Algae

Phytoplanktonic (free-floating) algae and at-
tached algae in the periphyton community are useful
in assessing the biological quality or trophic status of
a stream. In small streams, the algal component of
the periphyton community is particularly useful in

this assessment. Periphyton and phytoplankton
samples were collected approximately monthly be-
tween May 1974 and November 1977 at four sites
(fig. 2). These sites include two on the main stem of
Nederlo Creek (stations 70 and 90) and one each on
the north and south forks (stations 30 and 60,
respectively). Periphyton samples were also collect-
ed periodically during 1968-71, but these data were
used primarily to check the long-term consistency of
the 1974-77 data, which are emphasized in this
report.

Methods used in collection, identification, and
enumeration of algae and for chlorophyll and bi-
omass determinations are described by Greeson and
others (1977). Periphyton samples were collected by
anchoring polyethylene strips on the stream bottom
for 4-6 weeks (average time 35 days) to allow coloni-
zation by periphytic organisms. Phytoplankton sam-
ples were collected by submerging a polyethylene
bottle near the centroid of streamflow and allowing
it to fill with water. Algae were identified to the
genus level.

SCALE 1:24,000

%

1 MILE

oo
o

DRY FLOODWATER-
RETENTION STRUCTURE

/ EXPLANATION

1' KILOMETER To Kickapoo River

and Tainter Creek

A

Biological-data collection site
V  Periphyton and phytoplankton
¥ Benthic invertebrates
90 Site number

~—A— Stream reaches used for study of
trout-population dynamics

Figure 2. Location of biological-data collection sites.



Periphyton

Diatoms are the dominant periphytic algae at all
four sampling sites. The frequency of occurrence of
the algal genera found in the periphyton samples is
given in table 2. It can be seen from the data in the
table that the generic composition of the periphytic
algae is similar at all four sampling sites.

A seasonal succession of dominant genera takes
place in the stream. The diatoms Achnanthes,
Gomphonema, and Navicula are generally dominant
during the winter. In the summer, the blue-green
algae Oscillatoria and Lyngbya become increasingly
important. The green algae Stigeoclonium and Ulo-
thrix are abundant during most of the year and at
times constitute a considerable part of the periphytic
algae.

The use of artificial substrates may influence the
species composition of the periphyton samples. Fila-
mentous blue-green algae, for example, prefer a
stable substrate, and it is unlikely that they would
colonize the artificial substrates to the extent that
they might be found on more solid substrates such as
rocks.

Maximum diatom populations (as indicated by
biomass and chlorophyll measurements) generally
occur in the spring and fall. This pattern corre-
sponds to that generally observed in streams of
temperate regions (Whitton, 1975). The pattern in
Nederlo Creek is masked somewhat by the year-
round dominance of the diatoms Achnanthes,
Gomphonema, Navicula, and Nitzschia. This tends
to obscure the apparent increases in population of
other diatom genera.

Chlorophyll a and ash-free dry weight (AFDW)
measurements were made on the periphyton samples
to identify temporal and areal variation of biomass
production in the periphyton community. Ash-free
dry weight is a composite measure of all organic
material (biomass) produced in the periphyton com-
munity, and chlorophyll a is a measure of biomass
production by the algal component of the periphy-
ton. Hypotheses concerning temporal and areal
variation of these variables were tested statistically.
Mean AFDW and chlorophyll @ values for the four
sampling sites and for various seasonal groupings of
data were compared by an F test at P = 0.05; log
transformation of the data was necessary to meet the
requirements of the test.

The F test showed no significant difference (P =
0.05) between the mean AFDW values from the four
sampling sites. Testing of mean chlorophyll a values
for the four sites showed that the mean values for
sites 60, 70, and 90 (fig. 2) were not significantly
different from each other, but that the mean value
for station 30 (fig. 2) was significantly lower than the
means fcr the other stations. This is an indication
that algal biomass produced in the periphyton com-
munity was lower at station 30 than at the other
stations.

Ash-free dry weight and chlorophyll a findings
are summarized in table 3. Ash-free dry-weight data
for the four sites are combined, based on the results
of the F test. Chlorophyll a data for stations 60, 70,
and 90 were also combined, but the values for station
30 are summarized separately.

The AFDW and chlorophyll a data were also
examined for seasonal trends. Based on the previous
analysis of areal variation, AFDW data for all sta-
tions were combined, and the chlorophyll ¢ data
were divided into two groups--the combined data for
stations 60, 70, and 90 and the data for station 30.
To test for seasonal differences, the data were divid-
ed into groups based on the month in which the
samples were collected. Two subdivisions of the year
were made: the first by dividing the year into four
periods ("quarters”) and the second by dividing it
into three periods (“thirds”). The months included
in each of these groups are shown below.

"Quarters” group  Month "Thirds” group
January )
1 { February
March > 1
April )
2 May
June l
2
July
3 August J
September 1
October 3 3
4 { November
December ]

Mean AFDW and chlorophyll a values for the
data within each division were compared by the F
test described previously; the test showed no signifi-
cant difference (P = 0.05) in the mean values be-
tween "quarters” or between “thirds”.



Table 2. Periphytic algae on artificial substrates in Nederlo Creek.

Percentage of samples in which
genus was present

Order
Family Station (see fig. 2)
Genus

30 60 70 90

Chlorophyta
Chlorophyceae (Green algae)
Tetraspora®.ceecessecesccsascassnscnse
ULOtRIi®eevecesaassosonsossosnncossnnns
St1g80CLONTUM. ceaveransrssoseasacacans
ColeoCRACEE® e cesieeeeeseannsessanannne

76 45 37
74 76 66

Cladophora®ee.ceeeeesssssssscasnonensns
0edogoniumeeveceevereessecsesncnnsenss

MOUGEOLLAeeeeevecrrooncsnsascnananannse
SPIPOGYPAeceeerecssosassscscnsasesanss
Closterium....
COBMAPIUM® et eruteessassesocsacancsans

low !l IR 28]
(=)

WWwwawoa N
]
'

Euglenophyta
Euglenophyceae (Euglenoids)

Buglendeeceeceeocecsscsossnsscsesssnee == 6 - 11
PRACUB.cossvessvsasasssssssscssancossns = - - 3
TPachelomond8ees e covesososssssssnsnse = -~ - 3

Chrysophyta
Xanthophyceae (Yellow-green algae)
Vaucheria®....eseieecsssecassaasnnens 3 6 3 -
Bacillariophyceae (Diatoms)
Cyelotelladeeeeesereesecsssescacacnnen 6 18 6 3
MelogiPGeesseesoasssoescsscaanansanaas 19 65 48 46
Meridian..ceeessasscesccsccansscannna 38 38 48 29
DIiGLOMA e ossosesesssassssosnsaansnnes = 26 52 74
ODEPROTA ceevsecesenensscsssassssssnns == 3 3 -
Fragilaridesececeeesescescsccnasanses 22 44 45 43
SYNedr@.eeeeseceassssnsssscsassasees 15 65 85 89
HarnaeaX..oceeeeseceaesaasesasassncses == - 3 -
BUNOtLGeeeeesoarnseasosacseasssssanne 3 - - 3
ACKNANTREB. s eeeetsessssocscssacncsnss 97 94 97 97
COCCONELBeeseecatranecsessncsassasses 91 97 97 86
Rhoicho8phentid.coeeeseeeeecccsacsnssss 19 59 21 17
ANOMOEONEL8% s evereesesvecssssasncnes == - - 3
Calonei8.eeeesessavsaasesssncnsaasnnne 9 15 6 6
GYPOBLGMA.eeeeeeesesssssssosssasascnns 6 3 - 3
NaVLOULA . eeeeseesacsecccscacnsnsseaes 94 100 100 100
NeldiuMeseeoeoereiessonsssansansasene == 3 3 9
PinnULAPLdeceosessssessesssccasessans 6 32 12 14
StAUPONELB.eeteevsseesaessrasassnanes 3 3 3 9
GOMPRONEMA e e eevsooeescossnsnnancsses 97 97 100 97
AMPROTA . e eeveeeouessessoosnscasaranee 3 24 3 9
CYMDELLAeeeseosossnacssssensnsansases 62 97 97 97
EpLthemiGeeeeoesescesssosssnnsossssss == - - 3
DentioUla*eeseeceneceossssascasssssee == 3 3 -
HaNt38CRIAevesssesoarosssssnssasencns == - - 11
Nit38CHideeeesscecssassssssannsassaas 8l 97 100 100
CYmatopleunGeeeeeeseeesssacccsanssess 19 41 70 89
SUPLPELlAeesesseeeescscsssastassansss 53 68 79 86

Cyanophyta
Myxophyceae (Blue-green algae)
ANGCYBLLBevsseseseencssnnsasnsassanes == - - 3
AgmenelluMe e ceeseoesassssosenaasncnss 25 29 18 9
Entophysalis®e.eeeeviesseeennesscanes 19 3 3 . -
LYngbydeeeeeseeessoosseosoonsaaneases 53 68 64 57
08e1illatoOri@ecenecscecccscacnsosansas 59 65 73 71
ANODAENA «e v seeseesssasesasssronasssss —= - 3 -
PleCtonemessecseseesssssssenssnsnnee 12 - 6 9

Rhodophyta
Rhodophyceae (Red algae)
Audouinglla*ee.vssesssnssssassassasss = - 6 -—

*Genus present in periphyton but not in phytoplankton.



Table 3. Summary of periphyton ash-free dry weight and chlorophyll a values.

Number of Geometric

Range of values within

samples mean one standard deviation
of the mean!

Ash-free dry weight (grams per

square meter per month)--

stations 30, 60, 70, and 90 125 3.4 1.0-11
Chlorophyll a (milligrams per

square meter per month)-—-

stations 60, 70, and 90 94 11 2.2-53
Chlorophyll a (milligrams per

square meter per month)--—

station 30 30 3.7 0.6-22

lUsing log transformation of data.

Two other seasonal combinations of data were
tested to compare AFDW and chlorophyll ¢ values
for "warm” and "cold” seasons. In the first combi-
nation tested, data from quarters 2 and 3 were
combined to represent "warm” months, and data
from quarters 1 and 4 were combined to represent
"cold” months. The F test showed no significant
difference (P = 0.05) in the mean AFDW or chloro-
phyll @ values between the “warm” and "cold” peri-
ods.

The second combination used data from thirds 1
and 3 to represent "cold” months and data from
third 2 to represent “warm” months. In this case, the
F test revealed a significant difference (P = 0.05) in
mean AFDW between periods; the mean AFDW for
the "warm” period is 4.4 (g/m2)/month , which is
almost twice the mean value of 2.8 (g/m?)/month for
the "cold” period. The test showed no significant
difference in mean chiorophyll a values between the
"warm” and "cold” periods.

The higher mean AFDW value for third 2 (repre-
senting May, June, July, and August) indicates that
the warmer temperatures favor increased biomass
production in the heterotrophic segment of the peri-
phyton community. Seasonal trends may also occur
in chlorophyll @ values, but, if they do occur, they
are masked by large month-to-month variation in
chlorophyll a production.

The ratio of AFDW to chlorophyll ¢ has been
used as an index of the relative organic enrichment or
trophic state of streams. Weber (1973) refers to this
ratio as the autotrophic index (AI) and reports a
range of index values of 50-100 as normal for biolog-

_ically stable streams (those not showing biological

effects of organic enrichment). Organic enrichment
favors growth of the heterotrophic organisms in the
periphyton, especially saprobic organisms such as
bacteria and fungi. Preferential growth of these
organisms causes increases in AFDW relative to
chlorophyll @ and, consequently, higher Al

Al values calculated from AFDW and chloro-
phyll @ data from the four sampling stations had a
wide range. Examination of the AI values showed
that values for 1977 were considerably higher than
those for 1974-76. The highest for 1974-76 was
4,000, but approximately 20 percent of the 1977
values exceeded 10,000. A shift in Al of this magni-
tude would normally indicate a drastic disturbance in
the aquatic environment, but no such disturbance
was indicated by other organisms and biological
indicators (phytoplankton diversity, composition of
the benthic invertebrate community) used in the
study. The shift in 1977 Al values was apparently
due to a change in the analytical procedure for
chlorophyll @, which produced lower values; the
lower chlorophyll @ values caused the apparent in-
crease in Al. Because of this, 1977 Al values were
not included in the following analysis.



One-way analysis of variance was used to test for
differences in Al between stations. An Ftestat P =
0.05 using log transformed AI values showed no
significant difference between mean Al for stations
30, 60, 70, and 90. Based on the results of this test,
Al values for all stations were combined and summa-
rized for the basin as a whole. The summary in-
cludes 23-25 values per station for a total of 95.

Al for 1974-76 ranged from 22 to 4,000; the
median of 211 agrees closely with the mean of 230
derived from the log-transformed Al values. Fifty-
percent of the AI values fall between the 25th quar-
tile value of 108 and the 75th quartile value of 394;
values in this range are taken as typical of Nederlo
Creek and its tributaries.

This range is higher than the range of 50-100
given by Weber (1973) as normal for biologically
stable streams, but the higher values do not seem to
be due to any readily identifiable biological disturb-
ance or water-quality problem. This conclusion is
supported by other biological data presented in
subsequent sections of this report. It is more likely
that the range of values given by Weber is not
applicable to southwestern Wisconsin streams.

Phytoplankton

The phytoplankton in Nederlo Creek is dominat-
ed by diatoms, but green and blue-green algae are
also present. About two-thirds of the 61 algal genera
represented in the phytoplankton are periphytic and
originate as dislodged cells through abrasion by
suspended material in the stream and other means
(Blum, 1956; Whitton, 1975). Overall, the diatom
Achnanthes is the dominant genus the periphyton
and the phytoplankton. The frequency of occur-
rence of algal genera in phytoplankton samples is
given in table 4.

Twenty-one algal genera (table 4) were found
exclusively in phytoplankton samples--of these, only
two are known to have periphytic forms. This is an
indication that populations of euplankton (true
planktonic algae) exist in Nederlo Creek. These
genera were identified in less than 20 percent of the
phytoplankton samples and were present in small
numbers. Other genera such as Synedra, Diatoma,
Scenedesmus, and Melosira are planktonic but were
also found in periphyton samples. These planktonic
algae may originate in stagnant water and pools
within and tributary to the stream.

10

Seasonal changes occur in the population of
planktonic algae (as indicated by cell counts) and in
the relative numbers of diatoms and green and
blue-green algae. The histograms and graphs in
figure 3 illustrate the changes at stations 30, 60, 70,
and 90 (fig. 2). The general dominance of diatoms is
shown in the histograms, but blue-green algae
(primarily Oscillatoria) predominated on several oc-
casions, particularly in 1976 and 1977 and especially
at station 30. Green algae, when present, were a
minor component of the phytoplankton. Cell counts
followed normal seasonal trends (Whitton, 1975),
with counts generally highest in the summer at all
four stations.

A diversity index was used to evaluate the
composition of the phytoplankton. The diversity
index (d) values were computed for each phytoplank-
ton sample by the formula of Wilhm and Dorris
(1968). High values of d (greater than 3) indicate a
diverse population not dominated by a small number
of taxa; populations of this sort generally occur in
relatively undisturbed, "healthy” environments.
Low values of d (less than 1) indicate a less diverse
population dominated by a small number of taxa,
which is generally characteristic of disturbed or
stressed environment.

Values of d plotted on figure 3 are reasonably
constant, and, with few exceptions, seasonal trends
are not apparent. Low or decreasing d values at
stations 30, 60, and 70 during the summer of 1977
seem to coincide with the increase in population of
blue-green algae during this period. Low d values
were also apparent during the summers of 1975 and
1976 at station 90. This station, being the farthest
from headwater springs, may be more susceptible to
biological stresses imposed by farming practices,
such as allowing livestock in the stream, than the
upstream stations. The influence of farming prac-
tices on water quality would be expected to be
greatest in the summer.

Values of d, generally between 2 and 3, indicate
that the phytoplankton is not affected by any major
environmental stress. The relative constancy of d
with time indicates that seasonal increases and de-
creases in the total phytoplankton population are
probably due to changes in the populations of most
of the genera present rather than to large increases or
decreases in a few dominant genera.















Table 5. Characteristics of sites where benthic invertebrate samples were collected.

[All dimensions are in feet]

Station
30 55 60 62 70
Characteristics of riffle
where sample was collected
Approximate length Continuous 1 1 25 10
Approximate width 1-1.5 0.5-1 2-3 <5 12
Approximate water depth o2 .2 .2-.3 o2 .5
Bed material
Silt X
Sand X .
Gravel X X X X
Rocks (less than
0.5 ft in diameter) X X X X
Rocks (greater than
0.5 ft in diamter) X X X X
Characteristics of pool upstream
from riffle
Approximate length - 10-30 10-25 15-35 20-50
Approximate width - 2-3 3-4 10-15 10-15
Approximate water depth -—- 5-2 5-1 .5-1 1-1.5
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Table 6. Distribution of benthic invertebrate species
in Nederlo Creek and a tributary spring.

[X indicates station where species was found; * indicates dominant species]

Station (see fig. 2)

Order Index value Stream Spring
Family (aj) for
Species species 70 60 62 55 30 40

Megaloptera
Sialidae
S1ali8 BPeecescecscacsssesesennses 2 X

Coleoptera
Dryopidae
Helichus etriatus®c.eececcecssesses 2 X X X X X
Dytiscidae
AgabuB 8Pseceecessssscsssscsacsens -
Elmidae
Optioservus fastiditus*..........
O 8p.* (larvae)sceesesscassosess
Stenelmis erendtd..eecscssscccsee

>

W
L R ]
>
>
Lol e]

Diptera

Athericidae
Atheriz variegatGecececsceccesess

Ceratopogonidae
B@33TA BPevescscsscscsacssansnnns

Chironomidae
BPLlliQ SPaceacesscccnssscsccaces
Cardiocladius BPsscssesscsscscsse
Cladiotanytarsus 8p.ececececscenes
Conchapelopid SPeecesecccssccssess
CPLCOLOPUS 8Peceseeresnssasssanns
Diamesad SPsessecscescsscsssscoses
Eukiefferielld spe*.ceeecsesacscs
LAPETA BPeeessssscssassssscsascns
Micropeectrd BpPececeescscccscncne
Microtendipes SPesssessscssssssee
Orthocladiue Specececscsesccsnces
Parametriocnemus Sp.eeeceescccses
Pseudosmittid SPeecesssscescscescs
TANYDUS SPeccessscsccssccsnsscccsca
Tanytarsus SPececescessssccscescs
Thienemannielld SPeceecscessescsss
Zavrelimyiq SPecececcesccscasnnase

~
»
>
>
>

el Rl
P
>
L]
>
PP MM M X

Lol
>
[ Rkl

SFWWH I WLWLWWWNNERWWWLWW w
"
MM MM

Dixidae

Di%A 8Peecconssnssscssscsvsosnscs - X
Psychodidae

PeriCOMA SPecsscscsscssnssccscsae 5 X

P8Ychodd SPe.ecesesscecasscascene 5 X
Simuliidae

STMULIUM 8P.*eeevreesrscersnnnnas 3 X X X X X
Stratiomyidae

Euparyphi8 8Peeesscsssscccscccace - X X
Tabanidae

ChPY8OPS SPecescessccscscscscnans
Tipulidae

ANtOChA Spe*eeeceecsccesscesanses

Dicranotad spe*.iceeseccccscscacns

Limophila SPececesccccsccnecaces

PediCid SPecscecsncssssesssessces

Pseudolimmophilad 8pP..ccecessccess

Tipulad Spe¥eeieeceecncsscnccanaane

w
>

(S L Sl S X
Lo R R
[aR oo
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Table 6. Distribution of benthic invertebrate species
in Nederlo Creek and a tributary spring.--Continued.

[X indicates station where species was found; * indicates dominant species]

Order Index value
(ay) for
species

Family
Species

Station (see fig. 2)

Stream

Spring

70 60 62 55 30

40

Plecoptera
Capniidae
Allocapnia rickerie.eceeeeeesesaes
Nemouridae
Amphinemura delo8@.seseessessoass
Perlodidae
Isoperla 8ignata*.eeeessssscsenss
I. SlOSSONACesserasencsessscsnses

Ephemeroptera
Baetidae
Baetis brunneicolor*....ceceseces
Be VAgans*.ceeecencccssccssccanes

Be 8Pe "C'ererrrnraesansacsnnnens

Heptageniidae

Stenonema vicarium (= fuscum)*...
Leptophlebiidae

Leptophlebia Specececeseocsesenes

Hemiptera
Gerridae
Gerri8 BPececsscacssnsssscasssnsss
Belostomatidae
Belostoma flumineumMe.ceveeeesnses

Trichoptera
Brachycentridae
Brachycentrus americanus®........
Glossomatidae
GLloss0o8omA SPe®icecricrsraneseseee
Helicopsychidae
Helicopsyche borealiS.eececsccess
Hydropsychidae
Chematopsyche 8p.*..ceveeesancces
Hydropsyche betteni.eeeeeeeenness
Parasyche apicaliS.eececesssecnes
Symphitopsyche bifida (group)....
Se PLOLGeueeeecnenennnncssnsnnnns
Se 8lOSSONACeeseseesnnnsssnsnsnnn
Se SPAPNAF e ieeeiniirosorsasssnnns

Lepidostomatidae

Lepidostoma 8Pesseecsssesssssoncs
Leptoceridae

0ecetis8 aQVAPAseessesssscassssnase
Limnephilidae

Hesperophylax designatuSeeeeseee.

Hydatophylax argus..ecescssseeees

Limnephilus indivisus...eeseeeaes

Neophylax COnCinnuUs..eeeecssscess

Pyenopsyche lepidaeeessescssssces
Philopotamidae

Chimarra aterrima®....eeeseeescns
Phryganeidae

Ptilostomis ocellifer@e.ceecscess
Sericostomatidae

Agarodes distinetuM..ceeseeessees
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Water-quality determination from
biotic index values*

Bioticindex Water quality  State of the stream

0 -1.75 Excellent Clean, undisturbed

1.75-2.25 Very good Slight enrichment or
disturbance

2.25-2.75 Good Some enrichment or
disturbance

2.75-3.50 Fair Moderate enrichment
or disturbance

3.50-4.25 Poor Significant enrichment
or disturbance

>4.25 Very poor Gross enrichment

or disturbance

*After Hilsenhoff, written commun., 1980

Biotic index values calculated for the five sam-
pling sites on Nederlo Creek are summarized in table
7. Mean and median B.I. values for all sites are less
than 2.25, and values for individual samples were
also less than 2.25 except in two cases. According to
the classification scheme, the calculated B.I. values
indicate little organic enrichment or disturbance.
This is corroborated by the long-term stability and
diversity of benthic invertebrate communities noted
at each of the sampling sites.

Trout Habitat

Trout habitat in Nederlo Creek and factors
influencing it are typical of many headwater trout
streams in southwestern Wisconsin. The streams are
generally able to sustain wild trout, but many factors
interact to limit trout reproduction and survival and
keep the population below the potential carrying
capacity of the stream. Frequently, wild trout are
too scarce for good fishing, and stocking becomes
necessary.

Characteristics of the stream channel and ripari-
an land use and vegetation are likely factors limiting
trout population. The stream has some pools of
suitable size and configuration for trout, but is
otherwise characterized by riffles and shallow pools.
The riffles provide suitable substrate for benthic
organisms, thus supporting fish-food organisms, but
the pools generally lack adequate cover and living
space for trout. Limitations on bank cover were
discussed previously. Instream cover is also sparse
except for the, at times, dense beds of Nasturtium,
especially in the north fork. The Nasturtium pro-
vides excellent cover for fingerling trout and is a
substrate for fish-food organisms. Size and distribu-
tion of bed materials is a limiting factor on reproduc-

Table 7. Biotic index values for sampling stations on Nederlo Creek.

[Locations of sampling stations shown in figure 2]

Date Station Station Station Station Station
30 55 60 62 70
October 1968..cceeeecessnccssae 1.75 1.44 2.01 1.47 2.05
March 1969c¢ccccccesccccscnsecass 120 1.36 —-—— 1.14 2.10
October 1969.ccecececccccnccess 1.76 2.00 2.01 1.60 1.73
January 1970.ccececcsccsescceas 1.61 = 2.11 1.66 1.53
March 1970..cececcccccsccscscee 1.96 1.98 2.15 1.84 1.78
March 197l.ccecececccccscnsssss 1.00 1.82 1.86 2.11 1.98
March 1972 .ccccececcecenccccnee 1.52 1.83 1.27 .70 1.86
March 1974 .cceeeetcccnccccnncee === 1.85 1.77 1.72 -
March 1977 ...ccceecccccccassses L1359 1.58 1.29 2.08 2.55
March 1978.cccccecececccacsccsees 160 1.54 1.36 1.36 1.46
October 1978¢ceeecescceccaceces 1.89 2.46 1.84 2.20 1.33
Median 1.48 1.91 1.71 1.45 1.95
Mean 1.59 1.79 1.77 1.63 1.84
Standard deviation .30 .32 .39 45 .36
Number of values 10 10 10 11 10
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tion. Bed material is generally fine sand, silt and clay
in pools, and larger rubble and rocks in riffles.
Relatively few areas have gravel of proper size distri-
bution for redd construction and spawning.
Streambed areas that have suitable spawning sub-
strate and meet other conditions necessary for
spawning are scarce.

Water quality is generally suitable for survival
and growth of trout. The calcium magnesium bicar-
bonate type water supports a productive biological
system and no major aquatic environmental disturb-
ances are indicated by the composition of the algae
and benthic invertebrates. Dissolved-oxygen concen-
trations do not fall to critically low levels, and water
temperatures are within tolerable limits for trout.

The stable base flow in Nederlo Creek is benefi-
cial to trout, but high streamflow caused by overland
runoff, although infrequent, may dramatically affect
the stream environment. High streamflow may
deepen pools and undercut streambanks, which pro-
vides additional trout cover and living space, but
may also destroy spawning areas and instream
vegetative cover. Other studies in Wisconsin indicate
that high winter streamflow especially harms trout
reproduction and survival (Brynildson and Brynild-
son, Wisconsin DNR, written comm., 1981).

Feeding habits of brown trout have been found
to differ with the size of the trout. Trout less than
about 9 in. long feed primarily on invertebrates,
whereas the larger fish feed more on forage fish and
crayfish (Brynildson and others, 1964). The aquatic
invertebrates and forage fish in Nederlo Creek pro-
vide ample food for trout.

Although feeding habits of local trout were not
investigated, they are probably similar to those of
trout in nearby streams. The benthic invertebrate
community is similar to that found by Avery (1978)
in Seas Branch Creek in Vernon County (20 mi
north-northeast of Nederlo Creek in a similar physi-
cal and hydrologic setting). Included in that investi-
gation was a study of brown trout feeding habits,
which showed that Trichoptera, Diptera, and
Coleoptera were the invertebrate groups most often
found in the stomachs of trout. These groups are
well represented in Nederlo Creek. Other major
food organisms indentified by Avery were amphi-
pods (primarily Gammarus sp.), crayfish, and forage
fish, all of which are abundant in Nederlo Creek.

Species composition of forage fish is similar to
that in cther small trout streams in the Kickapoo
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River basin (Avery, 1978; Wirth and Mason, 1974;
Becker, 1966; Greene, 1935). Species of forage fish
found in the stream, and their relative abundance,
are listed in table 8. Darters and minnows are
dominant in numbers, but most of the forage fish
biomass consists of white suckers. Trout represent
only a small part of the fish population, both in
numbers and biomass. Forage fish population did
not change significantly during the study.

Trout Population Dynamics

Trout population dynamics was studied in four
reaches of Nederlo Creek totaling 2.8 stream miles
(fig. 2). Reach A (extending from station 90 to
station 70) and reach B (extending from station 70 to
the confluence of the north and south forks) cover
the main stem of Nederlo Creek. Reach C is on the
south fork, and reach D is on the north fork.

Study Methods

Study methods of fish population were basically
the same as described by many other investigators
(McFadden, 1961; Hunt and others, 1962; White,
1964). The fish population was assessed each fall
during 1967-78 using direct current electrofishing
equipment. Trout captured were measured and
weighed, and young-of-the-year fingerlings were
fin-clipped for future identification; stocked trout
were distinguished from wild trout by marks they
received before release.

From 1967-73, trout population was estimated
by the double-run mark and recapture method.
Because the electrofishing gear proved to be highly
efficient in collecting trout, population estimates
during 1974-78 were made on the basis of only one
electrofishing run and shocker efficiencies calculated
during the years when two runs were made. Data
were not collected in reach A during 1969-71.

Trout Populations and Biomass

Numbers and biomass of brook and brown trout
found each fall during 1967-78 are shown in figure 4.
The population was always low; it reached a high
point of 443 trout of both wild and hatchery origin in
1969, even through reach A was not included in that
year. Only 60 trout were found in 1972, when the
population was at its lowest level. Fall biomass
ranged from 26 to 91 Ib over the 12-year period.



Table 8. Fish species in Nederlo Creek.

Common name Scientific name

Relative abundance

Trout:
Brown trout Salmo trutta Linnaeus -==-
Brown trout Salvelinus fontinalis (Mitchill) -——
Forage fish:
White sucker Catostomus commeroni (Lacepede) Abundant.
Stoneroller Campostoma anomalum (Rafinesque) Abundant.
Johnny darter Etheostoma nigrum Rafinesque Abundant.
Fantail darter Etheostoma flabellare Rafinesque Abundant.
Creek chub Semotilus atromaculatus (Mitchill) Abundant.
Blacknose dace Rhinichthys etratulus (Hermann) Abundant.
Bluntnose minnow Pimephales notatus (Rafinesque) Abundant.
Mottled sculpin Cottue bairdi Girard Common.
Southern redbelly Chrosomus erythrogaster (Rafinesque) Common.
dace
Longnose dace Rhinichthys cataractae (Valenciennes) Common.
Common shiner Notropis cornutue (Mitchill) Common.
Brook stickleback Bucalia inconstans (Kirtland) Scarce.
Northern hogsucker Hypentelium nigricans (LeSueur) Scarce.

Excluding the years 1969-71, when reach A was not
inventoried, a 9-year average fall biomass of both
wild and stocked trout was 64 Ib, or 14 Ib/acre. By
comparison, the best trout streams in southern Wis-
consin hold over 100 Ib/acre in the fall (Brynildson
and Mason, 1975; Brynildson and Brynildson, writ-
ten commun., 1981).

In most years, there were more wild than stocked
trout, but, during 1973-77, more than half the fall
biomass consisted of stocked trout. The stream was
stocked with 500 yearling brown trout each spring
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except for 1970 and 1972, and 250 brook trout were
stocked as fingerlings in the fall of 1968 and 1969.
Stocked trout were released in reach A, and most of
the relatively small number that survived until fall
were captured in that reach. Some brook trout
survived to spawning size, and a wild population was
established in the stream. The wild brook trout
population declined in subsequent years and gradual-
ly disappeared (fig. 4).

The size of the wild brown trout population each
fall was largely dependent on reproductive success
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CONCLUSIONS

This study of aquatic biology in the Nederlo
Creek basin has shown that the aquatic community is

diverse and reasonably stable, with little indication .

of environmental disturbance or stress. The most
apparent environmental disturbance noted was the
destruction of streambank vegetation by livestock,
which reduced available trout cover.

Agquatic macrophyte population (dominated by
the species Ranunculus aquatilis L., Veronica
catenata Penn., and Nasturtium officinale) is reason-
ably stable and generally varies little from spring to
fall. High streamflow seems to have little destructive
effect on the macrophytes except for extreme floods.
The stability of the aquatic macrophytes enhances
their usefulness as cover for trout fingerlings and
habitat for benthic invertebrates.

Periphytic and planktonic algae populations are
both dominated by diatoms, with the genus Achnan-
thes dominating both communities. Significant areal
(site-to-site) differences in population, if any, are
masked by the wide month-to-month population
variation at each sampling site. The balance between
autotrophic and heterotrophic organisms in the peri-
phyton, as measured by ash-free dry weight and
chlorophyll @ production, indicates some organic
enrichment of the water but no serious environmen-
tal disturbance. Most genera of planktonic algae
seem to originate in the periphyton, but some true
planktonic genera were identified. Phytoplankton
populations (cell counts) are highest in the summer;
diversity is moderately high year around and does
not seem to be influenced by cell count.

The benthic invertebrate population is dominat-
ed by Trichoptera and is large enough to serve as a
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major source of food for trout and forage fish. Areal
variation in the species composition of the benthic
invertebrate community seems to be due more to
substrate preferences of the organisms than to areal
variations in water quality. Biotic index values cal-
culated from benthic invertebrate data and qualita-
tive evaluation of the benthic invertebrate communi-
ty indicate that the stream is relatively free of organic
enrichment.

The trout population is low and represents only
a small part of the total fish population, both in
biomass and numbers. The wild trout population
consists of brown trout. Brown trout are generally
stocked annually, but most trout present in the fall
are wild. Brook trout were stocked on two occa-
sions--a wild population was established but subse-
quently disappeared.

The major environmental factors limiting trout
population seem to be lack of sufficient cover,
insufficient pool depth and volume, and sparse
spawning areas. Food supply (invertebrates and
forage fish) is sufficient to support a larger popula-
tion, and critical water-quality factors (dissolved
oxygen and temperature) present no significant prob-
lems. Fall trout population is highly dependent on
spawning success the previous fall; when spawning
success was poor, fall populations were extremely
low even with supplemental stocking.

The floodwater-retention structure constructed
during this study has affected the distribution of
trout. Trout reproduced in the reach upstream from
the structure before construction, but have apparent-
ly not done so since construction was completed.
The structure may also impede the upstream migra-
tion of adult trout.
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